Cerebral angiogenesis and expression of VEGF after subarachnoid hemorrhage (SAH) in rats.
Subarachnoid hemorrhage (SAH) leads to the development of vasospasm in which endothelin-1 plays a very important role. The effect of its vasoconstricting action is hypoxia of the nervous tissue, which stimulates the release of growth factors. Vascular endothelial growth factor (VEGF) released in excessive amounts from hypoxically altered cerebrovascular endothelial cells is the most potent angiogenic factor and may enhance angiogenesis after SAH. If endothelin-1 is mainly responsible for vasospasm after SAH, it is possible that early administration of endothelin converting enzyme inhibitor or endothelin receptor antagonist may protect neurons against. The aim of the study was to establish whether prolonged vasospasm and endothelial cell hypoxia stimulate VEGF expression and, in consequence, promote angiogenesis in the central nervous system after subarachnoid hemorrhage. Investigations were also performed to determine whether the administration of phosphoramidon, an endothelin-converting enzyme (ECE) inhibitor, and BQ-123, an endothelin receptor ET(A) antagonist, suppresses angiogenesis and VEGF expression. Experiments were carried out in male Wistar rats injected with phosphoramidon or BQ-123 into the cisterna magna following the induction of subarachnoid hemorrhage. The brains were removed 48 h after the hemorrhage for histopathological and immunohistochemical examinations of VEGF expression and angiogenesis in the cerebral hemispheres, brainstem, and cerebellum. Statistical analysis was performed using nonparametric Wilcoxon test (P<0.05). The results obtained have shown for the first time a close correlation between endothelial hypoxia after SAH in cerebral microvessels and enhanced angiogenesis. There is also an increase in VEGF expression in cerebral vessels and neurons within the cerebral hemispheres, brainstem, and cerebellum. The administration of phosphoramidon or BQ-123 has been found to inhibit angiogenesis. Angiogenesis in the chronic phase of SAH-induced vasospasm is the result of prolonged narrowing of vessels due to excessive secretion of endothelin by damaged endothelial cells. Present results obtained indicate that it is possible to reduce or prevent the late effects of SAH, i.e., neuronal hypoxia and cerebral edema, through the inhibition of endothelin-1 induced vasospasm.